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intermediate filaments (ifs) form cyto-
plamic and nuclear networks that 

provide cells with mechanical strength. 
perturbation of this structural sup-
port causes cell and tissue fragility and 
accounts for a number of human genetic 
diseases. in recent years, important addi-
tional roles, nonmechanical in nature, 
were ascribed to ifs, including regula-
tion of signaling pathways that control 
survival and growth of the cells, and 
vectorial processes such as protein tar-
geting in polarized cellular settings. 
the cytolinker protein plectin anchors 
if networks to junctional complexes, 
the nuclear envelope and cytoplasmic 
organelles and it mediates their cross 
talk with the actin and tubulin cytoskel-
eton. these functions empower plectin 
to wield significant influence over if 
network cytoarchitecture. moreover, 
the unusual diversity of plectin isoforms 
with different n termini and a common 
if-binding (c-terminal) domain enables 
these isoforms to specifically associate 
with and thereby bridge if networks 
to distinct cellular structures. here we 
review the evidence for if cytoarchitec-
ture being controlled by specific plec-
tin isoforms in different cell systems, 
including fibroblasts, endothelial cells, 
lens fibers, lymphocytes, myocytes, kera-
tinocytes, neurons and astrocytes, and 
discuss what impact the absence of these 
isoforms has on if cytoarchitecture-
dependent cellular functions.

Plectin is considered as a universal cross-
linking element of the cytoskeleton.1 
Possessing binding sites for all types of 
intermediate filament (IF) subunit pro-
teins, it networks IFs by interlinking them 
and anchoring them to transmembrane 
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junctional complexes, the nuclear envelope 
and cytoplasmic organelles. In addition, 
plectin harbors a functional actin-binding 
domain and binds to microtubules (MTs). 
There is overwhelming evidence that IF 
networking through plectin contributes 
to the stability and coherence of cells, as 
most convincingly documented by the 
skin blistering and muscular dystrophy 
phenotype exhibited by patients suffering 
from epidermolysis bullosa with muscular 
dystrophy (EBS-MD) and gene-targeted 
mice. The role of plectin’s interaction with 
actin and MTs remains less clear. In fact 
the observations that plectin deficiency 
favors actin stress fiber formation and 
reduces MT dynamics suggest a regula-
tory rather than stabilizing role of plectin 
in actin and tubulin assembly processes.

Plectin is a multimodular cytolinker 
protein of gigantic size (>500 kDa) with 
several dozens of verified interaction part-
ners. Its two globular multi-interactive 
end domains are separated by an α-helical 
sequence that dimerizes with another 
molecule to form a 190 nm-long coiled-
coil rod domain. Plectin’s IF-binding site 
was delineated to a stretch of 50 amino 
acid residues residing in its C-terminal 
domain. A special peculiarity of plectin 
is its isoform diversity based on the dif-
ferential splicing of over a dozen alterna-
tive first exons into a common exon 2, 
giving rise to a variety of transcripts that 
encode different isoforms just varying in 
short N-terminal sequences. These vari-
able sequences determine the cellular tar-
geting of the isoforms. Plectin’s isoforms 
show preferential binding and thus asso-
ciation with a variety of different cellular 
structures, including hemidesmosomes 
(HDs), focal adhesions (FAs) and costa-
meres, mitochondria, MTs, nuclear/ER 
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filaments were often found to bend at their 
distal ends along the plasma membranes6 
(and unpublished data; compare fibroblast 
cytoarchitecture in wild-type and plectin-
deficient cells as schematically depicted 
in fig. 1a). Aberrant vimentin network 
organization includes lateral bundling of 
filaments and loosening of network com-
pactness, making the network more sus-
ceptible to stress-induced disruption and 
okadaic acid-induced retraction (unpub-
lished data).

Altered cytoarchitecture in plectin-/- 
fibroblasts results in compromised sig-
naling (decreased Src and FAK activities) 
leading to a decreased migration poten-
tial10 (unpublished data). Moreover, plec-
tin-/- fibroblasts have been shown to be less 
stiff than their wild-type counterparts. 
They have lost the capacity to propagate 
mechanical stress over long cytoplasmic 
distances and display reduced traction 
forces, demonstrating a direct connection 
between the plectin-vimentin network 
and stiffness, stress propagation and trac-
tion generation of cells.13

Plectin-controlled vimentin IF orga-
nization has been shown to play also an 
important role in endothelial cell systems. 
Similar to fibroblasts, it was found that in 
primary plectin-/- lung endothelial cells 
vimentin filaments were more bundled 
combined with an increased mesh size 
of the IF network (unpublished data). In 
contrast to their wild-type counterparts, 
immortalized (p53-/-) plectin-deficient 
endothelial cells showed a dramatic rear-
rangement (collapse) of their IF network 
when treated with the nitric oxid-donor 
drug SNAP.14 This suggested that plec-
tin provides the IF network in these cells 
with robustness, showing for the first time 
that plectin can have a protective impact 
on IFs against oxidative stress. Moreover, 
it has been reported that vimentin fila-
ment recruitment to FAs of endothelial 
cells requires plectin and integrin β3,15 
and Homan et al.16 suggested that plectin 
mediates the connection of the filaments 
to a vimentin-associating integrin α6β4-
based endothelial junctional complex. 
Vimentin IF anchorage to the underly-
ing substratum has been shown to play 
a pivotal role in reinforcing endothelial 
cell adhesion, thus enabling these cells to 
resist shear stress under flow conditions.17 

structural reorganization that takes place 
during mitosis and cytokinesis.

Recent studies have shown that plectin 
is involved in de-novo IF network for-
mation and FA turnover.6 Forming tight 
connections between fibroblasts and their 
underlying extracellular matrix, FAs are 
located at both ends of actin/myosin-con-
taining contractile stress fibers.7,8 Plectin 
was identified as a FA constituent already 
in 1992.9 Against expectations, plectin-
deficient (plectin-/-) fibroblasts showed an 
increase in the numbers of FAs and stress 
fibers.10 Plectin 1f (P1f), one of several 
plectin isoforms expressed in fibroblasts, 
was shown to be an integral component 
of FA-evolved fibrillar adhesions (FbAs), 
which are characterized by their elongated 
structure and central cellular localiza-
tion.11,12 P1f stabilizes these structures 
and turns them into recruitment sites for 
motile vimentin filament intermediates. 
Thus, immobilized filament intermediates 
lead to IF assembly via end-to-end fusion 
with mobile precursors and integration 
into a central IF network (note vimentin 
intermediates—so-called “squiggles”—
in figure 1a, moving towards the cell 
periphery and integrating into the exist-
ing, cage-like vimentin network). In this 
scenario the nucleus is encased and posi-
tioned by the central IF network which 
is firmly anchored into centrally located 
FbAs and thus stably connected to the 
exterior of the cell (fig. 1a, wild-type; 
and b). In contrast, the more peripheral 
FAs, which are not associated with IFs and 
have a much faster (~2.7-fold) turnover, 
are actively engaged in cell motility and 
formation of protrusions. The formation 
and plectin-dependent anchorage of the 
central core structure strongly affects cell 
shape and polarization, as revealed in an 
analysis of wild-type and plectin-/- fibro-
blast cell geometries. Although there were 
no differences observed for the average cell 
area of either cell type, plectin+/+ fibroblasts 
had more protrusions and a more polar-
ized shape compared to the more rounded 
plectin-/- cells, correlating with a more 
extended and less compact IF network 
in these cells. In particular, the vimentin 
network in plectin-/- fibroblasts was not 
restricted to the central part of the cell like 
in plectin+/+ cells, but was extending to the 
outermost boundary of the cells, where the 

membranes or Z-disks; others probably 
still have to be identified. As all of these 
isoforms are equipped with a C-terminal 
high-affinity IF-binding site, they can 
mediate the targeting and anchorage of 
IFs at different, clearly defined cellular 
locations. In this way, depending on the 
combination of plectin isoforms expressed 
in a certain type of cell or tissue and at a 
certain stage of development or differen-
tiation, IF network architecture will vary. 
In what follows we will discuss the evi-
dence leading up to and providing future 
perspectives for a model in which plectin 
isoform-controlled IF cytoarchitecture 
not only affects the integrity of distinct 
cell types and tissues and influences some 
of their basic cellular functions, includ-
ing polarization, migration and differen-
tiation, but also serves for the fine-tuning 
and compartmentalization of signaling 
pathways.

Plectin’s Influence on Vimentin IF 
Cytoarchitecture

From early on plectin was proposed to play 
an important role in IF network organiza-
tion and to act as a crosslinker of vimen-
tin filaments, as reflected by its chosen 
name.2,3 Later it was found that plectin not 
only was important for IF network-plasma 
membrane linkage, but also seemed to be 
involved in the regulation of IF dynam-
ics.4 Monitoring the dynamics of vimentin 
networks in spreading and dividing mouse 
fibroblasts, it was shown that plectin is 
associated with vimentin from the early 
stages of filament assembly and is required 
for the formation of filament interme-
diates and their directional movement 
towards the cell periphery. Moreover, 
plectin deficiency makes fibroblasts pass 
faster through mitosis than wild-type cells 
and leads to a more even partitioning of 
vimentin networks to the daughter cells. 
Strikingly, this correlates with a more even 
size of postmitotic daughter cells, which in 
wild-type fibroblasts were found to differ 
in size (occupied area of cells) by a factor 
of almost three.5 Both phenomena, faster 
mitotic progression and more balanced 
distribution of IFs, are probably due to the 
fact that cells containing more loosely net-
worked vimentin (as in the case of plec-
tin-null cells) more readily undergo the 
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fiber cell maturation and whether beaded 
filaments found in mature lens fibers 
interact with plectin, and if so, whether 
vimentin and beaded filaments interact 
with the same set of plectin isoforms.

One of the isoforms of plectin, P1, 
which is expressed in a variety of tis-
sues, is most prominent in those of 
mesenchymal origin, including connec-
tive tissue, vascular, eye lens and white 
blood cells. Dermal fibroblasts isolated 
from P1-/- mice (deficient in just this but 
none of the other isoforms), similar to 

network architecture and its potential 
impact on cellular functions are lens fiber 
cells. Since long it has been known that 
plectin is expressed at high levels in this 
tissue and constitutes a prominent compo-
nent of the subplasma membrane protein 
skeleton.21,22 Thus we predict that vimen-
tin IF cytoarchitecture in developing lens 
fiber cells is strongly dependent on plectin, 
especially its membrane-associating iso-
forms. It will also be of interest to explore 
whether the plectin-mediated alterations 
in vimentin network architecture affect 

Consistent with these observations, 
vimentin-deficient mice showed attenu-
ated flow-induced dilatation of their 
mesenteric arteries.18 Thus, it is quite 
conceivable that hemorrhagic blisters fre-
quently observed in EBS-MD patients19 
and the extensive paw bleedings observed 
with plectin-deficient newborn mice20 are 
a consequence of increased vascular fragil-
ity, an intriguing prospect that needs fur-
ther exploration.

Another tissue of great interest in the 
context of plectin-controlled vimentin 

Figure 1. (A) Model of plectin’s function as organizer and stabilizer of fibroblast cytoarchitecture. Schematic representation of a polarized fibroblast 
cell depicting the central localization of the vimentin IF network encasing the nucleus through its attachment to FbAs and centrally located FAs. 
The attachment of the IF network is mediated by plectin isoform 1f. Note the presence of vimentin filament intermediates (“squiggles”). On their 
way to the cell periphery (red arrow), they will be “captured” by FA-associated P1f and by tandem-fusion will extend filaments that eventually will 
be integrated into the centrally located cage-like network. In plectin-deficient cells, which are rounded and not polarized, the vimentin network is 
not restricted to the central part of the cell, but is extending to the outermost boundary of the cell. (B) Immunofluorescence microscopy of primary 
mouse fibroblasts. Microtubules are depicted in blue, vimentin IFs in red. A maximum-intensity projection of a confocal Z-stack in the “easy 3D” mode 
in Imaris 4.5 software (Bitplane) is shown. Note the perinuclear cage-like vimentin core (Image: Gerald Burgstaller, University of Vienna, Max F. Perutz 
Laboratories, Vienna, Austria; with permission of Molecular Biology of the Cell).
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more severe than those of desmin-null 
myofibers.

Four isoforms of plectin, P1, P1b, 
P1d and P1f were found to be expressed 
at substantial levels in skeletal muscle.36 
Immunofluorescence microscopy of 
transfected cells and teased muscle fibers 
revealed that they are targeted to distinct 
subcellular locations.37,38 P1d associates 
with Z-disks, P1f with the sarcolemmal 
dystrophin-glycoprotein complex, P1b 
with mitochondria and P1 with the outer 
nuclear/ER membrane system. In target-
ing desmin IFs to these structures, P1d 
and P1f turned out to be crucial for link-
ing the contractile apparatus as a whole via 
desmin IFs to the sarcolemmal costameric 
protein skeleton (the different anchoring 
functions of distinct plectin isoforms are 
depicted in fig. 2a).35 Disruption of one 
(P1d) or both (P1f and P1d) of these IF 
linking elements inevitable leads to the loss 
of muscle fiber integrity, as demonstrated 
by isoform (P1d)-specific gene targeting 
or conditional plectin gene knockout in 
mice.35

Plectin, Keratin Cytoarchitecture 
and MT Dynamics

Similar to the alterations in vimentin 
organization observed in plectin-/- fibro-
blasts, in plectin-deficient keratinocytes 
the keratin filaments appear more bundled 
and less flexible compared to wild-type 
cells, leading to IF networks of less deli-
cate appearance and greater mesh size.39 
While in plectin+/+ cells, hardly any IFs 
were found at the cell margins leaving 
a filament-free ring-shaped zone at the 
periphery, in plectin-deficient keratino-
cytes IF networks were extending further 
to the periphery. As a consequence, kera-
tin networks become more susceptible to 
osmotic shock-induced retraction from 
peripheral areas, and their disruption due 
to hyperphosphorylation (okadaic acid-
induced) proceeds faster. Interestingly, 
contrary to the migratory phenotype 
observed in plectin-deficient fibroblasts, 
plectin-/- keratinocytes showed increased 
migration rates correlating with signifi-
cantly elevated basal activities of the MAP 
kinase Erk1/2 and of the membrane asso-
ciated upstream protein kinases c-Src and 
PKCδ.39

Plectin Isoforms as the Key  
to Desmin IF Network Architecture 

and Skeletal Muscle Integrity

Plectin’s influence on IF network organi-
zation is most prominent in skeletal mus-
cle fibers, which loose their integrity in its 
absence. The major IF network in striated 
muscle is formed from desmin filaments. 
Extending throughout the extrasarco-
meric space these filaments encircle myo-
fibrils at the level of Z-disks and extend 
to the sarcolemma and intercalated disks, 
integrating nuclei, mitochondria and other 
organelles in their network.28 Plectin has 
been visualized in association with desmin 
filaments interlinking neighboring myofi-
brils and to mitochondria at the level of 
Z-disks and along the entire length of 
the sarcomere (see schematic illustration 
shown in fig. 2a, wild-type). Thus, plec-
tin colocalizes with desmin at structures 
forming the intermyofibrillar and the sub-
plasma membrane protein scaffolds.20, 29-32 
Most mutations in the human plectin gene 
cause EBS-MD.33 EBS-MD is character-
ized by severe skin blistering and late-onset, 
progressive muscular dystrophy. Plectin-
deficient mice reveal abnormalities remi-
niscent of minicore myopathies in skeletal 
muscle and disintegration of intercalated 
disks in heart, but as they die within 2–3 
days after birth due to internal blistering of 
the oral cavity that disallows food uptake, 
they are of limited use as animal models 
for EBS-MD.20,34 The phenotypic analysis 
of conditional (MCK-Cre) striated muscle-
restricted plectin knockout mice was more 
revealing, showing progressive degenera-
tive alterations including aggregation and 
partial loss of desmin IFs along with the 
detachment of the contractile apparatus 
from the sarcolemma.35 Overall, desmin-
deficient and plectin-deficient mice show 
similar phenotypes, including detachment 
of the contractile apparatus from the sar-
colemma, profound changes in myofiber 
costameric cytoarchitecture and decreased 
mitochondrial number and functions  
(fig. 2a, plectin-deficient; and b). 
However, due to the additional formation 
of dysfunctional protein (desmin) aggre-
gates in subplasma membrane and inte-
rior cellular compartments, the hallmark 
of myofibrillar myopathies, generally the 
phenotypes of plectin-null myofibers are 

plectin-null fibroblasts, exhibited abnor-
malities in their actin cytoskeleton and 
impaired migration potential.23 Similarly, 
when T lymphocytes, in which plectin 
has been suggested to act as an impor-
tant organizer of cytoarchitecture,24 were 
isolated from P1-/- mice, they displayed a 
diminished chemotactic in vitro migra-
tion potential compared to their wild-
type counterparts. Most strikingly, on 
the organismic level it was found that 
leukocyte infiltration during wound 
healing was reduced, clearly indicating 
a role of plectin, specifically isoform P1, 
in immune cell motility.23 Uncovering 
the molecular mechanisms underlying 
P1/vimentin IF-regulated cell motility of 
immune and other types of mesenchym-
derived cells presents an interesting chal-
lenge for future research. It is of interest 
in this context that studies in muscle tis-
sue indicate that P1 is a major linker com-
ponent between IFs and the nuclear/ER 
membrane (see below). Thus, P1 is also 
likely the isoform of plectin that docks 
on to the outer nuclear membrane pro-
tein nesprin-3, establishing a continuous 
connection between the nucleus and the 
extracellular matrix through the IF cyto-
skeleton,25 with the luminal nuclear enve-
lope and nesprin-binding protein torsinA 
being part of this axis.26

Another isoform of plectin promi-
nantly expressed in connective tissue as 
well as other types of cells is P1b. Carrying 
a mitochondrial targeting and anchoring 
signal in its N-terminal isoform-specific 
sequence, P1b inserts into the outer mem-
brane of the organelle, thus bridging it to 
the IF network. In primary fibroblasts and 
myoblasts derived from P1b isoform-def-
icent mice the mitochondria were found 
to have undergone substantial shape 
changes. It was proposed that P1b forms 
a signaling platform on the mitochondrial 
surface and affects shape and network 
formation of the organelle by tethering it 
to IFs.27 Although P1b does not necessar-
ily affect IF network cytoarchitecture by 
itself, architectural features and the com-
partimentalization of the network under 
the control of other isoforms, such as 
those linking it to the plasma membrane 
or nuclear envelope, will affect the spatial 
distribution and local positioning of the 
organelles.
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layer keratinocytes by linking the intracel-
lular IF network system to the extracel-
lular matrix. Assembly and disassembly 
of HDs play an important role in kerati-
nocyte migration during differentiation 
and wound healing. Binding of plectin 

several isoforms of plectin expressed in 
keratinocytes, P1a, binds directly and in 
an isoform-specific manner to the major 
hemidesmosomal transmembrane laminin 
receptor complex integrin α6β4. Thus P1a 
mediates the stable anchorage of basal cell 

The lack of plectin leads to a disrup-
tion of the keratin cytoskeleton linkage to 
HDs,20,40 the transmembrane junctional 
complexes that mediate the firm attach-
ment of basal cell layer keratinocytes to the 
underlying basement membrane.41 One of 

Figure 2. (A) Scheme depicting plectin’s role in skeletal muscle fibers. Different plectin isoforms bind to desmin IFs and interlink myofibrils with each 
other and the costameric lattice. Note the disctint anchoring functions of the four major plectin isoforms expressed in muscle. Plectin 1d, 1f, 1b, and 1 
interlink desmin IFs with Z-disks, costameres (dysctroglycan complex, DGC), mitochondria, and the outer nuclear/ER membrane system, respectively. 
Plectin-deficiency causes detachment of desmin IFs from Z-disks, costameres, mitochondria and nuclei. Progressive degenerative alteration including 
massive desmin aggregation and misalignment of Z-disks can be observed. A more detailed scheme showing the localization and binding partners 
of isoforms P1d and P1b in the extrasarcomeric space between two Z-disks structures is shown in the upper right corner. (B) Immunofluorescence 
microscopy of teased EDL muscle fibers from 4-month-old wildtype and muscle-specific conditional plectin knock-out (cKO) mice revealed massive 
longitudinal desmin aggregates (green) and misaligned α-actinin-positive Z-disks (red) in cKO mice.
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In conclusion, in view of plectin’s 
universal role as regulator of IF network 
architecture and its consequences for 
the dynamics of other cytoskeletal fila-
ment systems, cell-internal and plasma 
membrane-located junctional complexes, 
cell polarity and cell migration, one can 
expect a wide spectrum of signaling path-
ways to be affected by plectin/IF systems.
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MT dynamics (see above) influence NCV. 
Regarding glial fibrillary acidic protein 
(GFAP)-containing IF networks, insuffi-
cient amounts of plectin have been shown 
to promote GFAP aggregation in astro-
cytes, the hallmark of Alexander disease.48 
Furthermore, primary astroglial cells lack-
ing plectin show a delay in cAMP-stim-
ulated morphological differentiation.10 
Plectin was reported to interact in vitro 
also with lamin B, one of the three major 
IF components of the nuclear lamina.49 
The biological significance of this interac-
tion remains to be investigated. In view of 
its proposed role as architectural and net-
working element of IFs, functioning as a 
scaffolding platform for nuclear envelope 
proteins during mitosis seems a plausible 
hypothesis to be tested.

Plectin as a Scaffolding Platform 
in Signaling

Versatile molecular interactions and stra-
tegic cellular localization encourage the 
model of plectin as a mechanical stabi-
lizer of cells by acting as a multifunctional 
linker and scaffolding protein in different 
cell types. However, beyond its mechani-
cal support function, plectin acts as a cyto-
skeletal scaffolding platform that provides 
binding sites for proteins involved in sig-
naling. Among others, plectin was shown 
to bind and sequester the receptor for acti-
vated C kinase 1 (RACK1) to the cytoskel-
eton, thereby influencing PKC signaling 
pathways,50 with effects on MAP kinase 
pathways.39 In fact, it has been shown for 
fibroblasts as well as keratinocytes, that 
when plectin is missing, RACK1 looses its 
perinuclear location and accumulates at the 
plasma membrane where it affects signal-
ing pathways involving PKC and c-Src, cre-
ating a situation similar to that of wild-type 
cells stimulated via external signals, such as 
EGF. Additionally, plectin scaffolds were 
shown to recruit energy-controlling AMP-
activated protein kinase (AMPK) in dif-
ferentiated myofibers.51 Plectin-interacting 
proteins and molecules involved in sig-
naling include phosphatidyl-inositol-
4,5-biphosphate (PIP2),10 calmodulin,43 
nesprin-3,25 the non-receptor tyrosine 
kinase Fer,52 and the laminin receptors 
β-dystroglycan,38 integrin α6β4,40 and 
integrin α7β1 (unpublished data).

to integrin α6β4 turned out to be a criti-
cal step in HD formation.40,42 Moreover, 
during Ca2+-activated differentiation, P1a 
interacts with the Ca2+-sensing protein 
calmodulin, resulting in diminished plec-
tin-integrin β4 binding.43 Thus as an early 
step, dissociation of plectin from integrin 
β4 seems key to keratinocyte differentia-
tion and likely plays an important role in 
HD disassembly and dynamics.

As a second major plectin isoform 
expressed in primary keratinocytes, P1c 
was found to partially colocalize with 
MTs.44 Preliminary studies indicate that 
P1c favors MT dynamics and has a destabi-
lizing effect on keratinocyte MTs (unpub-
lished data). This opens the intriguing 
perspective that keratin network-associ-
ated plectin regulates MT dynamics in a 
spatially controlled manner. Thus plectin 
isoform-controlled cytoarchitecture lead-
ing to IF network compartmentalization 
may locally regulate MT-dependent cellu-
lar processes via P1c.

Plectin’s Influence on Other Types 
of IF Networks and Possible  

Consequences

Our knowledge about plectin’s influ-
ence on IF architecture and possible 
consequences for the functions of cells 
that express IF network types differing 
from those built of vimentin, desmin or 
keratins, is still limited. Plectin has been 
shown to interact with all three neurofila-
ment (NF) subunit proteins in vitro3 and 
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